The reaction of 3, 14-dimethyl-2,6,13,17-tetraazatetracyclo[16. .
Introduction
The design and preparation of polyaza macrocyclic ligands and complexes bearing additional functional pendant arms have received much attention because of their interesting chemical properties which are influenced by various factors, such as the number, position, and nature of the functional groups.
1-11
Formaldehyde has been utilized for the preparation of various types of polyaza macrocyclic and macropolycyclic compounds containing N-CH 2 -N linkages. [12] [13] [14] [15] [16] [17] [18] [19] For instance, the reaction of L 9 or L 10 with two equivalents of formaldehyde yields L 11 or L 12 containing two 1,3-diazacyclohexane rings.
12-18 However, the major product prepared from the reaction of L 1 with two equivalents of formaldehyde is L 6 containing two 1,3-diazacyclopentane rings. 19 Interestingly, L 6 readily reacts with methanol in the presence of Cu
2+
ion to yield [CuL 2 ] 2+ bearing two N-CH 2 OCH 3 pendant arms (Eq. (1)). 19 It has been revealed that one of the two N-CH 2 OCH 3 groups in [CuL 2 ] 2+ is coordinated to the metal ion in the solid state and in various solvents. 19 A few other macrocyclic complexes bearing N-CH 2 OCH 3 group(s), such as [NiL
13
(Cl)] + , have also been reported. 10, 11 As far as we know, however, [CuL 2 ] 2+ is a rarely prepared 14-membered tetraaza macrocyclic complex where the N-CH 2 OCH 3 group is involved in coordination. Therefore, we have been interested in the preparation and chemical properties of various types of macrocyclic compounds containing N-CH 2 -N linkages and those bearing N-CH 2 OCH 3 pendant arm(s).
In this work, we attempted the reaction of L 1 with one equivalent of formaldehyde and successfully prepared 3,14-dimethyl-2,6,13,17-tetraazatetracyclo [16.4.1 2.6 .0 1.18 .0 7.12 ]tricosane (L ) was precipitated. The solution was filtered at room temperature, and 1.0 M NaOH aqueous solution (ca. 20 mL) was added to the filtrate. The mixture was evaporated at room temperature to precipitate a white solid. The crude product was collected by filtration and was dissolved in minimum volume of methanol at room temperature. After the addition of acetonitrile (ca. 20 mL), the resulting solution was evaporated at room temperature. The white solid formed was collected by filtration, washed with acetonitrile, and dried in air at room temperature (Yield: ~60% Crystal Structure Determination. Single-crystals of I·3H 2 O and IIb suitable for X-ray study were grown from water-DMSO and water-acetonitrile, respectively. Data were 21 All H atoms were positioned geometrically and refined using a riding model, with 0.97 Å for methylene and 0.96 Å for methyl H atoms, and with U iso (H) = 1.2U eq (C) for methylene H atoms and U iso (H) = 1.5U eq (C) for methyl H atoms. The hydrogen atoms of water molecules in the complex could not be found on the difference maps. The deepest hole for IIb was -1.42 eÅ −3 located 1.37 Å from H12C and the largest peak was 0.63 eÅ −3 located 1.57 Å from H12C. Absorption corrections were performed using SADABS (for I·3H 2 O) and X-SHAPE (for (IIb) programs. Crystallographic data and the result of refinements are summarized in Table 1 .
Results and Discussion
Synthesis. The major product prepared from the reaction of L 1 and formaldehyde in a 1:1 molar ratio was L 7 containing one 1,3-diazacyclohexane ring; the isomer L 8 could not be prepared in the present experimental conditions. The mass, infrared, and
13
C-NMR spectra of L 7 were listed in the Experimental section. The structure of L 7 was confirmed by the crystal structure of its copper(II) complex (see below). The reasons for the predominant formation of L 7 are not clearly understood at this point.
As described in the Experimental section, L 7 rapidly reacts with Cu 2+ ion in methanol to form the complex I as the only product. Unexpectedly, the macrotetracycle does not react with methanol in the presence of the metal ion; any copper(II) complex of L 3 could not be prepared even after refluxing the methanol solution for > 24 h. This means that the copper(II) complex of L 7 is quite inert against methanolysis. Our attempts to prepare nickel(II) complex of L 7 from the reaction of the macrocycle with the metal ion in methanol or acetonitrile at room temperature were unsuccessful. The addition of NaClO 4 to the resulting solution produced the white salt L 7 ·2HClO 4 , indicating that L 7 did not form stable nickel(II) complex. In the refluxing methanol solution containing Ni 2+ ion, however, L 7 readily reacts with methanol to yield the complex IIa bearing one N-CH 2 OCH 3 pendant arm (see the Experimental section). The preparation of the metal-free macrocycle L 3 was attempted from the reaction of IIa with NaCN in acetonitrile-water, but failed. The only macrocyclic compound isolated from the reaction solution was found to be L
1
. This shows that the pendant N-CH 2 OCH 3 group of L 3 is readily hydrolyzed or decomposed when the macrocycle is removed from the coordination sphere. The synthetic procedures for the copper(II) and nickel(II) complexes are summarized in Scheme 1.
Obviously, the reaction of L 7 with methanol is strongly influenced by the nature of the metal ions. It is likely that the reaction is initiated by the protonation of the tertiary amino group in L 7 . Therefore, one of the reasons for the inertness of I (or L 7 in the presence of Cu 2+ ion) against methanolysis may be the relatively strong Cu-N (N-CH 2 -N linkage) bonds (see below); the coordination of L 7 to the metal ion weakens the proton affinity of the amino groups and stabilizes the N-CH 2 -N linkage. In the methanol solution of Ni 2+ ion, L 7 can react with methanol because it is not so strongly coordinated to the metal ion. Furthermore, the product (L ) is stabilized by the formation of its nickel(II) complex. However, the effects of the metal ions on the reaction are not clearly understood at this point.
X-ray Crystal Structure of I·3H 2 O. The ORTEP drawing of [CuL Figure 1 , and its bond distances and angles are listed in Table 2 . The macrotetracyclic ligand contains one 1,3-diazacyclohexane ring. Four nitrogen atoms of L 7 are involved in coordination, along with one water molecule, and the complex has a 4-5-6-5 chelate ring sequence. Figure 1 and Table 2 show that the coordination geometry is severely distorted from regular trigonal bipyramidal structure. The metal ion lies 0.604 ( (9) Å) is longer than the Cu-N distances (2.031(7)-2.061(7) Å). Table 3 and Figure 2 show that the coordinated water molecule is hydrogen bonded to the oxygen atoms (O(10w) and O(11w)) of two uncoordinated water molecules. The secondary amino groups involving the N(3) and N(4) atoms are also hydrogen bonded to the oxygen atoms of the perchlorate anions.
X-ray Crystal Structure of IIb. The ORTEP drawing (Fig. 3) (1) 2.061 (7) Cu-N(2) 2.039(7) Cu-N (3) 2.031 (7) Cu-N(4) 2.042(7) Cu-O (1) 2.105 (9) N (1) that the secondary amino group involving the N(1 i ) atom is hydrogen bonded to the oxygen atom of the pendant N-CH 2 OCH 3 group (Fig. 3 and Table 5 ). The secondary amino groups involving the N(1) and N(2 i ) atoms are also hydrogen bonded to the oxygen atoms of water molecules.
Spectra and Properties of I. The infrared spectrum of I shows ν N-H of the secondary amino groups at ca. 3230 and 3190 cm −1
. Visible absorption spectra (Table 6) ) of the complex measured in acetonitrile indicates that the complex is a 1:2 electrolyte.
As described above, the complex is extremely inert against methanolysis. The complex is also stable in neutral aqueous solution; no evidence of hydrolysis or decomposition of the complex was observed even in boiling aqueous solution during > 5 h. However, the complex is rapidly decomposed in low pH at room temperature. The decomposition rate of the complex (2.0 × 10 
) of
IIa measured in acetonitrile indicates that the complex is a 1:2 electrolyte. Both IIa and IIb were found to be diamagnetic compounds.
13
C-NMR spectrum (see Experimental section) of IIb as well as FAB mass spectrum of IIa is consistent with the ligand structure. Visible absorption spectra (Table 6) , is corresponding to the generally observed trend that the introduction of an alkyl group into a secondary nitrogen atom of a 14-membered tetraaza macrocyclic nickel(II) complex weakens the ligand field strength.
6,8
Both IIa and IIb are soluble in various polar solvents, such as nitromethane and acetonitrile, but are nearly insoluble in water. They are extremely stable in the solid state and are relatively stable even in low or high pH. Visible absorption spectra of the complexes (2.0 × 10 −3 M) measured in 0.1 M HClO 4 or 0.1 M NaOH solutions showed no apparent decomposition during 5 h at room temperature. ](ClO 4 ) 2 containing non-coordinating N-CH 2 CH 2 CN group (see Table 6 ). 8, 9 Therefore, the relatively small molar absorption coefficients of IIa in the coordinating solvents must be closely correlated with the coordination of the pendant N-CH 2 OCH 3 group and the solvent molecule; the coordination of the pendant arm makes the coordination of the solvent molecule easier and vice versa. 9 It can be suggested that the nickel(II) complex dissolves in the coordinating solvents (S) to give a mixture (Eq. (2)) of the octahedral [NiL (2) determined from the molar absorption coefficient at ca. 485 nm. (Percentage of octahedral species = 100{(ε N − ε S )/ε N } where ε S and ε N represent the molar absorption coefficients measured in the coordinating solvent and in nitromethane, respectively.) 9, 23, 24 The percentage varies with the solvent in the order of Me 2 SO (4%) < MeCN (24%) < DMF (39%). This trend is similar to that reported for [NiL 4 ] 2+ {Me 2 SO (28%) < MeCN (42%) < DMF (45%)}. 9 In each solvent, however, the proportion of the octahedral species for .
Conclusion
The macrotetracycle L 7 was prepared by the reaction of L 1 with one equivalent of formaldehyde. The macrotetracycle reacts with methanol in the presence of Ni 2+ ion to yield [NiL
